Background: Primary hypophysitis causes varying degrees of endocrine dysfunction and mass effect. The natural course and best treatment have not been well established. Methods: Medical records of 22 patients who had been diagnosed with primary hypophysitis between January 2001 and March 2013 were retrospectively reviewed. Based on the anatomical location, we classified the cases as adenohypophysitis (AH), infundibuloneurohypophysitis (INH), and panhypophysitis (PH). Clinical presentation, endocrine function, pathologic findings, magnetic resonance imaging findings, and treatment courses were reviewed. Results: Among 22 patients with primary hypophysitis, 81.8% (18/22) had involvement of the posterior pituitary lobe. Two patients of the AH (2/3, 66.6%) and three patients of the PH (3/10, 30%) groups initially underwent surgical mass reduction. Five patients, including three of the PH (3/10, 33.3%) group and one from each of the AH (1/3, 33.3%) and INH (1/9, 11.1%) groups, initially received high-dose glucocorticoid treatment. Nearly all of the patients treated with surgery or high-dose steroid treatment (9/11, 82%) required continuous hormone replacement during the follow-up period. Twelve patients received no treatment for mass reduction due to the absence of acute symptoms and signs related to a compressive mass effect. Most of them (11/12, 92%) did not show disease progression, and three patients recovered partially from hormone deficiency. Conclusion: Deficits of the posterior pituitary were the most common features in our cases of primary hypophysitis. Pituitary endocrine defects responded less favorably to glucocorticoid treatment and surgery. In the absence of symptoms related to mass effect and with the mild defect of endocrine function, it may not require treatment to reduce mass except hormone replacement.
INTRODUCTION
Primary hypophysitis is a chronic inflammatory disease of the pituitary gland that is not secondary to infection, systemic inflammatory disorders, or tumorous conditions. Primary hypophysitis is usually classified as lymphocytic, granulomatous, or xanthomatous hypophysitis based on the histologic findings. Based on the anatomical location, it is also classified into adenohypophysitis (AH), infundibuloneurohypophysitis (INH), or panhypophysitis (PH) [1] . Diffuse infiltration of the pituitary gland by inflammatory cells results in varying degrees of endocrine dysfunction due to partial or complete deficiency of pituitary hormones. Particularly, involvement of the neurohypophysis and infundibular stem can cause diabetes insipidus [2, 3] . Although the recent increasing reported cases have improved our understanding of primary hypophysitis, the natural history and best treatment have not been well established [4, 5] . The authors describe a single-center experience of clinical features, endocrinological findings, and treatment courses of 22 primary hypophysitis patients.
METHODS
The study subjects were 22 patients who had been diagnosed with primary hypophysitis at Samsung Medical Center, Korea between January 2001 and March 2013. They were composed of 17 women and 5 men with a mean age of 48 years (range, 21 to 67) at the time of diagnosis. Among these patients, 11 were histologically proven cases, and the others were suspected cases diagnosed by magnetic resonance imaging (MRI) findings with clinical features. Diagnosis based on MRI findings included known features suggestive of hypophysitis, including symmetric enlargement of the pituitary gland, a thickened but rarely displaced stalk, a usually intact sellar floor, homogeneity of the pituitary mass, and its intense enhancement after gadolinium. In patients with clinical symptoms and signs of diabetes insipidus, MRI findings suggestive of INH, including the loss of precontrast T1 hyperintensity in the neurohypophysis, swelling of the posterior pituitary, and thickening of the pituitary stalk were also considered sufficient for diagnosis of hypophysitis. Combined anterior pituitary stimulation testing and MRI scans of the sella area were performed in all patients at the time of diagnosis.
Based on the anatomical location, we classified these cases into AH, INH, or PH (Table 1) [1] . Clinical presentation, endocrine function, pathologic findings, MRI findings, and treatment courses were reviewed retrospectively from electronic medical records. This study was approved by the Institutional Review Board of Samsung Medical Center.
RESULTS

Clinical presentation
The most common clinical symptoms of this study group were polyuria and polydipsia (18/22, 81.8%), followed by headache (6/22, 27.2%), general weakness (5/22, 22%), and amenorrhea (3/22, 13%). Visual disturbance, such as diplopia and visual field defect, was noted in two patients (9%). Based on the anatomical location classification, the most common symptoms in AH were headache and amenorrhea (2/3, 66%) ( Table 2 ). In INH, general weakness was the only symptom except for polyuria and polydipsia. Only one case was associated with a recent pregnancy, and her initial symptoms of headache and visual disturbance appeared during the third trimester. Two patients had coexisting autoimmune disease, one with Hashimoto's thyroiditis and another with limited Wegener's granulomatosis. and growth hormone (GH) deficiency (4/10, 40%) ( Table 2) .
Findings on MRI
In the AH and PH (n=13) cases, symmetric enlargement of the entire pituitary gland with homogeneous enhancement after gadolinium was seen in seven patients. Among these 13 patients, thickening of the pituitary stalk was seen in eight patients (61.5%), and suprasellar extension was seen in six patients (46.1%). In one patient, the finding was seen as prominent cystic area on MRI. In the INH (n=9) cases, all patients showed thickening of the pituitary stalk and loss of T1 hyperintensity in the neurohypophysis on MRI. One of these patients also demonstrated suprasellar extension. One case showed swelling of the posterior pituitary gland. Among all patients (n=22), an abnormally thickened infundibular stalk was found in 17 patients, and loss of T1 hyperintensity in the posterior lobe was seen in 18 patients. 
Pathological examination
A histological diagnosis was available in 11 patients (50%), including six patients who underwent surgical treatment for mass reduction and five patients who underwent biopsy for diagnosis through a transsphenoidal approach. Among these patients, hypophysitis was diagnosed as lymphocytic in eight patients, granulomatous in two patients, and xanthomatous in one patient ( Table 2 ). The histologic diagnosis in the patient with a prominent cystic lesion on MRI was xanthomatous hypophysitis. Patients with lymphocytic hypophysitis showed varied anatomical involvement: three patients had deficits in the anterior pituitary, two patients in the posterior pituitary, and three patients in both pituitary lobes. Patients with xanthomathous hypophysitis and granulomatous hypophysitis had deficits in both the anterior and posterior pituitary ( Table 2) .
Treatment and patient outcomes
Two patients of the AH and three patients of the PH groups initially underwent surgical mass reduction for decompression through a transsphenoidal approach ( Table 2 ). Five patients, Fourteen patients (63.6%) underwent further anterior pituitary stimulation testing at least once during the follow-up period. Eight other patients with INH followed only basal pituitary hormone. In cases of surgical or high-dose steroid treatment, MRI scans were repeated within 3 months of treatment. Follow-up MRI scans were then performed regularly every 1 or 2 years in all patients (except those lost to follow-up) during the remaining follow-up period. Mean duration of followup was 57 months (range, 7 to 138; median, 48).
All of the patients who initially underwent surgical treatment and four of five patients who initially received high-dose glucocorticoids showed mass reduction on follow-up MRI images (Table 3) . One patient in the high-dose glucocorticoid treatment group demonstrated no response to treatment; however, this patient has not experienced disease progression during 19 months of follow-up without alternative treatment, as seen in most patients (11 of 12) in the non-treatment group. During the follow-up period, two (one in each treatment group) of 10 patients who responded to initial surgical or high-dose glucocorticoid treatment presented with a recurring pituitary mass, and one patient in the non-treatment group had an increase in pituitary mass size. These three patients required a second alternative treatment to reduce the pituitary mass (Tables 3, 4). Among the patients who underwent surgical resection, recurring pituitary mass was seen in one patient with xanthomatous hypophysitis, developed visual disturbance due to suprasellar extension 10 months after surgery. This patient underwent adjunctive high-dose glucocorticoid treatment (methylprednisolone 500 mg intravenous for 3 days) and has shown good response in mass reduction without disease progression during 15 months of follow-up ( Fig. 1) [6] . One patient treated with high-dose glucocorticoids (1 mg/kg dose of prednisolone) showed good response in headache and mass reduction; however, she was unable to reduce her prednisolone below 15 mg due to headache. Unfortunately, during long-term treatment with low-dose prednisolone, she gained 30 kg, developed dia- (Fig. 1) . Hormone deficiency remained unchanged and required desmopressin despite the high-dose steroid treatment. A follow-up MRI could not be performed, as the patient was lost to follow-up. Seven patients received high-dose glucocorticoids initially or alternatively, and five patients showed mass reduction. Among these five patients, four patients had symptoms for less than 3 months before steroid treatment. One patient who didn't respond to high-dose steroids had symptoms for 5 months.
Nearly all of the patients treated with surgery or high-dose steroids (9/11, 82%) required continuous hormone replacement during the follow-up period. Only two patients have shown complete improvement after mass reduction without need for hormone replacement (Table 4) . One patient had PH due to granulomatous hypophysitis associated with Wegener's granulomatosis, and another patient had AH due to lymphocytic hypophysitis. Pituitary mass reduction was achieved by high-dose steroid treatment and surgery, respectively. Among patients without surgical or high-dose steroid treatment, two patients showed spontaneous partial recovery in hormone deficiency (Table 3) . Also, two patients treated with high-dose steroids recovered partially from hormone deficiency. All patients treated with high-dose steroids had weight gain, and one patient developed avascular necrosis of the femoral head. Three of six patients who received tumor removal surgery developed additional hypopituitarism, such as diabetes insipidus or hypothyroidism, after surgery (Table 4) .
DISCUSSION
The clinical presentations of primary hypophysitis are variable including symptoms related to sellar compression, hypopituitarism, and diabetes insipidus. The presentation depends on whether the immune system affects the anterior lobe, posterior lobe, or both [7] . In a review analyzing 379 cases of primary lymphocytic hypophysitis based on 370 articles published as case reports or small case series [1] , 89.7% (340/379) had symptoms from partial or complete deficiency of the anterior pituitary hormones, and 35.3% (134/379) developed diabetes insipidus. PH presenting with both symptoms was seen in 25.1% (95/379) and INH was seen only in 10.2% (39/379). In our study, among 22 patients with primary hypophysitis, 59.1% (13/22) had symptoms due to anterior pituitary hormone deficiency. Also, 81.8% (18/22) had diabetes insipidus, and 40.9% (9/22) had this symptom exclusively. Compared with the previous review [1, 8] , it is interesting that symptoms due to posterior pituitary hormone deficiency were most common in our study group. Some primary hypophysitis cases [2, 9] . In particular, acute symptoms related to mass effect were rare in INH [1, 7] . Thus, cases of primary hypophysitis with only polydipsia and polyuria may not be published as case reports and might result in underestimation of INH case number [9] . The most common deficit of the anterior pituitary hormones was ACTH followed by TSH, GH, and gonadotropins, similar to previous review [1, 7, 8] .
The natural history of primary hypophysitis is variable and unpredictable [5, 10, 11] . Typically, it follows a progressive course in which the pituitary initially becomes inflamed, edematous, and enlarged, and then the patient develops symptoms secondary to mass effects. With destruction of pituicytes, the parenchyma is replaced by fibrosis resulting in pituitary atrophy leading to hypopituitarism [1] . In some cases, the disease course was aggressive and rapidly progressed with neurologic deficits [1, 5, 7, 12, 13] . Meanwhile, partial or full recovery of pituitary function as well as resolution of pituitary masses in the absence of any intervention has also been well documented in several case reports and reviews [14] [15] [16] [17] [18] [19] [20] . In our study, 12 patients had no surgical or steroid treatment because of the absence of acute symptoms and signs related to the mass effect. In these patients, no one has shown complete spontaneous recovery of pituitary function and mass; however, two patients have shown spontaneous partial recovery of pituitary function without mass reduction, and nine patients remained unchanged in pituitary function and mass size without disease progression during follow-up. Only one patient progressed in mass size without further changes in hormone deficiency.
The treatment of primary hypophysitis was only symptomatic in considerable cases, including reducing the size of the pituitary mass or replacing the deficient endocrine function [1, 8] . Surgery, in addition to providing a histological diagnosis, was very effective in achieving decompression of the sellar mass and promptly resolving symptoms related to mass effect. Glucocorticoids were also effective for reducing the size of the pituitary mass or the thickened stalk because of their well-known lymphocytolytic properties [21] [22] [23] . There were some reports showing recovery of anterior and posterior pituitary function [21, 24, 25] as well as mass reduction [21] after glucocorticoid treatment. In our study, all of the patients who underwent surgical treatment and five of seven patients who received high-dose glucocorticoids showed mass reduction. However, complete recovery of pituitary function without need for hormone replacement was seen only in two patients (18%), suggesting that pituitary endocrine defect was less likely to respond to both glucocorticoid and surgical treatment despite apparent response to treatment via mass reduction. Pituitary endocrine defects are due to diffuse lymphocytic infiltration resulting in cell destruction, rather than compression of normal parenchyma by a pituitary mass [1] . Thus, as seen in our study, patients presenting with hypopituitarism or diabetes insipidus rarely benefit from surgical decompression, and response to glucocorticoid treatment varies with disease stage. In particular, it is likely that fibrous stages of hypophysitis will be unresponsive to glucocorticoids [1] .
In the present study, the majority of hypophysitis cases without acute symptoms related to mass effect did not show disease progression during follow-up in the absence of any intervention. Although surgical treatment was very effective for achieving decompression of pituitary masses, it rarely improved pituitary endocrine deficiency. Surgery also carries a risk of complications such as bleeding, cerebrospinal fluid leaks, and diabetes insipidus [4, 8, 18] . Glucocorticoids were effective for reducing the size of the pituitary mass. In addition, although the occurrence of spontaneous recovery can be a confounder, some cases (three of seven) have shown complete or partial improvement of hormonal status in response to glucocorticoids. However, complications related to the use of glucocorticoids, such as diabetes, weight gain, and avascular necrosis of bone, developed. Appropriate management remains still controversial due to variability in the natural history of primary hypophysitis [4, 5] . However, current literature suggests that surgery should be performed only in the presence of serious and progressive deficits of visual fields, visual acuity, or ocular movements, and not responsive to medical treatment [4, 26] . Thus, if a diagnosis of primary hypophysitis is suspected clinically and there are no urgent visual symptoms, the use of glucocorticoids are preferable to surgery. Additionally, considering our experiences, it seems reasonable to suggest that there is no need for other treatment except for hormone replacement in the absence of symptoms related to mass effect.
In conclusion, the deficit of the posterior pituitary was the most common feature in our cases of primary hypophysitis. It seems reasonable to use glucocorticoids as the first-line treatment for primary hypophysitis; however, pituitary endocrine defects responded less favorably to glucocorticoid treatment and surgery despite mass reduction. In the absence of symptoms related to mass effect and with mild defects in endocrine function, it may not require treatment to reduce mass except hormone replacement.
